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FIELD OF THE INVENTION 
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PrJ^TT, 6 , ^' 0n (PCR) a " 0WS am P |ificati ™ and detection of small quantities of a target nucleic acid 
leadinc TxXST" ? " V*"* 00ntonln « flten * am P |tfied acids carried over from a p ™ \Z R eaction 

leading o false posrtive results, and the production and amplification of other non-specific products such as crime?' 

PCRutNi'nolSlh TT, reSUl,S PfeSent inVen,i ° n ° VerC ° meS SUCh «"^bn. b^CaSK'S 
PCR utilizing phosphorothioated primers and preamplification sterilization in the presence of an exonuclease. 

BACKGROUND OF THE IHVENTION 

ackj 1 2^™^.T"^^'!^ Subsequent de,ec,ion of min "te quantities of a target nucleic 
acia. uetails of PCR are well described in the art, including, for example U S Patent Nos 4 rrs iq* , n M,,iii= Q . =i 

t^*^^^-™*^** oligonucleotide pr^ 

strands of a target nucleic acd, and primer extension products are formed by the polymerization of deoxvnucieos de 
triphosphates by a polymerase. A typical PCR method involves repetitive cycles of template ^n^c^S^ 
pnmer annea.ing and extension of the annealed primers by the action c/a thermo^p^^^SSSl 

sics HoweirSm!!? h 3 , Vari8ty °' ap P lications < includin 9 biotechnological research, clinical diagnostics and foren- 

" L^ZbZ?^ ^ " Tto 0 PraC,iCa ' ' imita,i0nS that r6SUlt in l6SS than °P timal and specificity 

mixed and stored at room temperature or lower. Because thermostable polymerases, for example Thermus aauat icus 

bl Sw P Jr 0raSC ' reS ' dUal GVen 31 °° C ' rela,,V0ly ,ar 9° * uanmes ° f non-specific pro ducts can be Sod 

dLers £37 , Pn T' n9 a f nd extension - The "on-speeffic products, known as zero cycle artifacts, include pV mer 
d,mers formed by ligation of primers having homology at their 3' ends. Because of the micromolar concentrationTof 
primers used in PCR relative to the often minute concentrations of target, the formation oTp^SZl^aTbt - 

ZT^T Pr TT efS thu -^ artta "-"V P e ™ si - -ro-cycle artifacts Other primer t^ a^Zl^l 
terns, such as solid phase amplification, similarly suffer from primer-dimer artifacts- mpnTicat.on sys 

anH ^ f0rr !! at,0n , 0, Ze J rO " 0yCle artifacts durin9 amplification has practical consequences. Reagents including primers 

T be deP,ete , d ' ^ Products act as competitive Intbtor with 

respect to the target for the polymerase and other limiting components of the reaction. Consequently amplification 
eff,c,ency may be decreased and assay precision degraded. Likewise, presence of primer-dimer leto ca^over^m 
ZZZlfT'T S r P !?r M alS ° bS detrimen,al Any decrease in amplification efficiency ma ^ advei effeS 
theassaydetect.onhmit.andthuspotentia.lycausefalsenegativeresults.Primer^imerformationc 

wouTLTk T ,0 3 that the ampHfied product is not detec,a ble on a sWneTflTs^ES 

would clearly be undesirable in tests for pathogens, such as HIV. 

t u Spe K fi ?" y u S P articular| y important in homogeneous PCR reactions. See, e.g. , EPA 48721 8 to Mitoma- EPA 51 2334 
to Higuchi. m the homogeneous assays, PCR amplification and detection are coupled by oZZmI'ZcX^ ^ 
Si?""!, 0 ' af,e Lf mpHfication ' with a f,uorescent Pi^ent that undergoes a dJLJchBn^!^^^ 

theproduction of double-stranded DNA is correlated with an increase in fluorescence as free ethidiumbromidTbecoTes 
CnanoSt « ° dOUb,e - s,randed DNA - General,* amplification and detection are carried 

Changes ,n fluorescence are detected spectrophotometrically, and thus detection requires neither separaton of PCR 

SiSSL7 r ^ bridiZati ° n - B9CaUSe de,eCti ° n iS baSed upon formation ° f rouble-stranded Sna genera, ly andTaNs to 
discrim.nate between target DNA and non-specific products, the formation of double,stranded artitects Sch ^s orimer 
dimers is fatal to the specificily of the homogeneous assay. s.ranaeo amtacts such as primer- 

Another significant practical limitation of PCR results from contamination by exogenous DNA in the laboraton/ 
Amphcon carryover commonly leads to false-positive results, while primer-dimer carryover leads to faTse neg^e 

eniZl'Z U tk ,rat< ! 9i0 n haV ° bSen deve, °P cd 10 overcome those limitations and thus increase PCR specificity and 
ss ^ nC y h Theore,,oal| y. Pnmer-dimer artifacts can be minimized by selecting prim rs with no 3--complemen Sy 1^ 

p fmeTs ' clZ^^ ^^T* * UnaVoidable ' parti —'y * a PP<-tions that require TxTu es 2 . 
oTpTmere Stra ' nS °' ° f 3 ^ are typical ^PP'ications that require a large number 

Specificity can also be improved by increasing stringency, for example, by increasing the annealing temperature 
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or incorporating denaturing solvents. However, increasing stringency may lead to false negative results because the 
assay's ability to detect mutated forms of the target, which may have been amplified at lower stringency, is reduced. 

In another method of reducing zero-cycle artifacts, the so-called "hot start'Vmethod of PCR, the reaction is started 
by the addition of polymerase to hot reagent mixtures. (See, e.g., Erlich etal. (1 991 ) Science 252 : 1 642). Primer-dimers 

5 are reduced since the reactive intermediates formed by cross-reaction of primers are thermally unstable. However, 
this method does not provide the convenience of room temperature preparation, and is subject to complications caused 
by timing errors resulting from manual addition of polymerase to multiple (typically 96) PCR tubes. In addition, "hot 
starts" may result in increased likelihood of carryover contamination due to amplicons and/or primer-dimers because 
. tubes must be opened for addition of enzyme. 

io Thermolabile physical barriers, such as paraffin beads or overlays, have been used to physically separate one or 

more PCR components from the others until temperatures suitable for high stringency priming are reached (see, e.g., 
H6bert et al. (1 993) Molecular and Cellular Probes 7:249). However, these methods are generally inconvenient and 
require considerable manual dexterity. 

Thermally labile antibodies to Taq polymerase have been used to inhibit Taq polymerase at low temperatures in 

*5 an attempt to limit zero-cycle artifacts. (See, e.g., Sharkey et al. (1994) Bio/Technology J2:506; U.S. Patent No. 
5,338,671 to Scalice et al.) When the temperature is elevated in the PCR thermal cycling, the antibodies are thermally 
denatured and active polymerase is released. However, even avid antibodies do not completely inhibit polymerase 
activity. For example, one micromolar antibody having affinity of 10 10 M _1 acting on polymerase at a concentration of 
10 nanomolar in a volume of 100 microliters would leave 60 million molecules of free active polymerase at equilibrium. 

20 Since primer levels used in PCR are relatively large, sizable number of primer<limer intermediates can nonetheless 
be formed and amplified 

Various preamplification sterilization procedures have been developed to minimize amplicon carryover. The en- 
zyme uracil-N-glycosylase (UNG) has been used in a preamplification step to cleave products made during the zero 
cycle at incorporated uracil residues. (See, e.g., Longo etal. (1 990) Gene 93: 125; Espy et al. (1 993) J. Clin. Microbiol. 

25 31:2361.) Deoxyuridine triphosphate (dUTP) is substituted for deoxythymidine triphosphate (dTTP) in the PCR and 
thus PCR products can be distinguished from template DN A. The enzyme UNG is included in the premix, and catalyzes 
the excision of uracil from single or double-stranded DNA present in the reaction prior to the first PCR cycle. The 
resulting abasic polynucleotides are susceptible to hydrolysis and cannot function as templates during PCR. While 
UNG is reportedly inactivated by thermal denaturation, residual activity may degrade amplification products synthesized 

30 during PCR. Further Longo etal. compared the relative amount of amplification product in the presence and absence 
of UNG treatment, and reported a reduction in the intensity of the amplified target in reactions with UNG treatment. 
Thus UNG treatment would not be expected to solve the problem of inefficiency of product amplification. Further, UNG 
is reportedly inefficient at attacking amplicons of less than 100 base pairs, for example primer<Jimers (Espy et al ). 
Preamplification sterilization with exonucleases has also been reported. Muralidhar et al. (1992) Gene 117 :107 

35 disclose that phage T7 exonuclease can inactivate PCR carryover product molecules but it reportedly leaves genomic 
DNA targets intact. The contaminating amplicons are reportedly preferentially inactivated due to their symmetric ge- 
ometry relative to genomic target molecules. Zhu et al. (1 99 1 ) Nucleic Acids Res. 19:251 ) report the use of exonuclease 
III (Exo III) for pre-PCR sterilization to reduce amplicon and primer-dimer carryover. Exo III catalyzes the sequential 
cleavage of 5 mononucleotides from the 3' hydroxyl end of duplex DNA and also reportedly leaves genomic DNA 

40 largely intact due to the length of the flanking DNA sequence. 

The use of exonucleases such as Exo III for preamplification sterilization is based upon the reported specificity of 
the exonucleases for double-stranded DNA. Particularly with regard to Exo III, the prior art is clear that Exo III does 
not degrade single-stranded target DNA. See, e.g. , Zhu et a|.; Promega Catalog, 1 994, 1 36. Any single-stranded ex- 
onuclease activity would degrade single primer strands, thus reducing amplification efficiency and increasing the pos- 

45 sibility of false negative results. 

It has been discovered in accordance with the present invention that preamplification sterilization with exonucle- 
ases such as Exo III as described by Zhu et al . results in a reduction of signal from low level genomic targets. The 
consequence of the reduction in signal is an increased possibility of false negative results, with attendant serious 
implications, particularly in the diagnosis of disease. Loss of target signal has been ascribed specifically to genomic 

so target degradation. It has been discovered in accordance with the present invention that the reduction in efficiency of 
amplification is due to degradation of single-stranded primers, contrary to the teachings of the art regarding the double 
stranded specificity of Exo III. The present invention thus provides the identification of a previously unrecognized prob- 
lem, and further provides a solution to the problem and thus a method of increasing efficiency of PCR. 

55 SUMMARY OF THE INVENTION 

The present invention is directed to a method for the amplification of a target nucleic acid comprising contacting 
a sample suspected of containing a target nucleic acid with at least two oligonucleotide primers that are suffici ntly 
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complementary to regions of the target nucleic acid to hybridize thereto, wherein each of the oligonucleotide primers 
« «S »Z Ph ° Sph0r0 ; hi0a,e ,ink ^ e ' * I— ' f °" Afferent nucleoside triphosphates, a thermostab.e'pTym 
enzat.on agent, and an- exonuclease to form a reaction admixture; heating the reaction admixture to inactivate the 
exonuclease; and forming primer extension products. • . 'nacirvaie me 

The present invention-further provides a kit for amplification of a target nucleic acid comprising in the same or 
t^ZTT 5 - 8 th6, ™! tab,e P°'y^eriza.ion agent. an exonuclease, and at least two primers that are su ^enW 
complementary to regions of the nucleic acid to hybridize thereto, wherein each of the oligonucleotide primers contains 
at least one phosphorothioate linkage. . m'»"b.s. oonidms. 

_ In another embodiment, the present invention provides an admixture for use in PCR comprising an exonuclease ' 

?£*J^7TT e ? de PrimerS Wher6in 6aCh ° f the oli 3°- c '-tide primers contains^ leas" one phofpho 
tt.oate linkage The admrxture may also contain a thermostable polymerization agent, nucleoside triphosphates a 
monoclonal ant.body aga.nst the polymerization agent, and other reagents for PCR . . . ospnaies ' a 

DETAILED DESCRIPTION OF THE INVENTION 

in fl tJ!T f^T iment, T Pr6VidSS 3 meth0d f ° r the am P |i,ic ^°n °' a target nucleic acid whereby carryover contam- 

PCR wilTol° nS 3 T 6 ' v!T erS ° ,her 2er °- CyCle artifactS iS reduced relative to conventional methods of 
PCR w,thout compromise of amphf,cat,on efficiency. In particular, the present method comprises the use of an exonu- 
clease ,n a preamphf.cat.on step to degrade carryover DNA and zero-cycle artifacts, and the use of phosphorothioated 
pnmers to avoid .he heretofore unexpected primer degradation by the exonuclease pnospnorotnioated 

th 6 a T rt h !nT C ' Ple K 1 PC ,T COnditions for amplification and detection of target nucleic acids are well known in 

the art and may be found ,n numerous references known to the skilled artisan, including, for examp.e, United Stales 
Platen Nos,4,683,195toMul|is^a.., 4,683,202to.Mul.i S ^ 

o containing a targe, nuc.eic acid is heated to denature double-stranded nucleic acidlnlhe presence ottwoTonu 
cleotde pnmers that arc complementary to target sequences flanking the region to be amplified. The primers anneal 
to the separated target strands and are extended from each 3" hydroxy, end by a polymerizing agent such as a ther 

taSt bv rT v r s r, aSe ' °T le l randed '° r DNA can be amplified by PCR. RNAcan also se.e as a 

target by reverse transcribing RNA into cDNA. The steps of denaturation, primer annealing and DNA synthesis are 

tTpcR veteTr 6 ^T^T*' M h eXP ° nen,ial —Ration of the »JZ££*J£- 

The PCR vessel .s generally a stoppered plastic vesselor a cuvette or pouch as described in US Patent No 5 229 297 
Reagents for PCR amplification are typically mixed in a single vessel, and generally include primers nucleoside tril 
bS anHt (98 T ra "r dATR . d o TR dGTP 3nd dTTP ° r dUTP) ' tn-mostable DNA Jy^as^g^sZo"^ 
rTL £ hT nUOle ' C f C ' d ^ a9entS and COnditi ° nS for PCR are well-known to one of ordinary skill in the art and 
can be found, for example, ,n Guatelli et al. (1989) Clin. Microbiol. Rev pp-,7 For amplification of RNA tarqets a 
reverse ransenptase . may be utilized in addition to or in lieu of the thermostable DNA ^polym^ase Te mSab.e 
reverse transcriptase are particularly useful, as are thermostable DNA polymerases having revere transcr pTSe ac 
t,v.ty. Methods for PCR amplification of RNA targets are known to one of ordinary ski., in the ™a£SE? for 
example, ,n U 8. Patent Nos. 5,176,995, 5,310,652 and 5,322,770. The present invention is also useful, Mother pie " 
«o. cltSlT 0 -^ampimc^tion, for example LCR and gap LCR described in International PatentPubN- . 

the JmZZTrt { JZT°r Pr V? S 3 modification of known methods °' ™cleic acid amplification in order to improve 
t^S 

the methods of the present invention reduce the formation of zero cycle artifacts including primer^imers with a con 
"" r efticienc y of am P'^.on of target DNA. Primer^imers may be doubLtranded PC^uci 

cons st ng of the two pnmers and their complementary sequence. Additional bases may be inserted between the pnm 

plemententy at the 3 ends, and may result ,n reduced amplification efficiency to such a degree that amplified taraet 

b^miirr h n9 :° ,aise negative resuiis Anoiher ,imiia,ion ° r »™ - i^ess 

by the methods of the present mventron is amplification of carryover contaminants. PCR samples may be contaminated 
by amplicons, or amphfiable product molecules, or primer-dirher molecules, produced in a prev-ious PCR Th^arnp^ 
fication of such molecules commonly leads to false results. P 

inrJUl """J* °* ,nvention thus allows a redu <*°" in false negative and false positive results and an 

increase in efficiency of amplification. c=>u«o «i U an 

of as" W i th r eth ° d ! f th ° PrSSent inVen,i0a P ream P |ifica «°" sterilization is perform d in the presence 

o .fa 3 exonuclease. Exonucleases that preferentially degrade double stranded DNA are pr ferred The preamplification 

embSmT dS9ra f 6 dUP ' eX artKaC,S SUCh 38 0*™-*™* ■ - -I. as carryover arnpvJnslnZTrZ 

' vm I 'TT r * ff C,edfrom ,he 9-P listing of exonuclease I, exonuclease ... "exo III), . 

exonuclease VIII, and nbonuclease II. In a most preferred embodiment the exonuclease is Exo III. Exonucleases are 
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well known to the ordinarily skilled artisan and are commercially available. 

It has been surprisingly discovered in accordance with the present invention that exonucleases that have been 
reported to be specific for double-stranded DNA nonetheless are capable of degrading single-stranded DNA primers. 
The degradation of single-stranded primers may be of such an extent as to reduce or eliminate amplification of the 

s target sequence, thus leading to inefficient amplification or false negative results. The present method solves this 
problem by utilizing phosphorothioated primers in the PCR. Since phosphorothioated primers are protected from ex- 
onuclease digestion, the use of such primers in PCR allows the use of increased amounts of exonuclease per sample, 
and/or increased incubation times. In turn, the use of increased amounts of exonuclease and/or increased incubation 
times improves the effectiveness of nuclease pretreatment and thus provides further protection from the deleterious 

10 effects of primer-dimer molecules and PCR product carryover. 

Phosphorothioated primers are oligonucleotide primers in which one or two. of the nonbridging oxygens of the 
phosphate groups of a nucleotide is replaced by sulfur. The presence of phosphorothioate internucleotidic linkages in 
oligonucleotides result in inhibition of exonucleases, thus slowing or eliminating degradation of phosphorothioated 
primers. Phosphorothioated primers may be prepared by chemical or enzymatic methods well-known in the art, and 

15 disclosed for example by Eckstein (1985) Ann. Rev. Biochem. 54 :367; Zon et al. (1991 ) Anti-Canc. Drug Pes . 6:539; 
and Olsen et al. (1990) Proc. Natl. Acad. Sci. USA 87 :1451, and in U.S. Patent No. 5,003,097. Phosphorothioated 
nucleotide derivatives are also available commercially. 

One or more or all of the internucleotide linkages of the primers may be a phosphorothioate moiety. In a preferred 
embodiment, the oligonucleotide contains from one to four phosphorothioate linkages. Preferably at least one phos- 

20 phorothioale linkage is at the ultimate, penultimate, third, fourth, of fifth position relative to the 3' terminus of the primer 
The phosphorothioate linkages may be interspersed or adjacent. In a preferred embodiment, the linkages are adjacent 
and located at the 3* terminus of the primer. In another preferred embodiment, the primer contains a phosphorothioate 
linkage in at least the ultimate and penultimate positions relative to the 3' terminus of the primer. In another preferred 
embodiment, the primer contains a phosphorothioated linkage in at least the ultimate position relative to the 3' terminus 

2S of the primer. The ordinarily skilled artisan can determine the appropriate number and positions of phosphorothioate 
residues by assessing amplification in the presence of phosphorylated primers and a 3' exonuclease in a model system 
such as the system described in Examples 1 and 3. 

In the method of the present invention, PCR amplification is accomplished by preincubating all PCR reagents and 
a sample containing a target nucleic acid in the presence of an exonuclease and phosphorothioated primers. The 

30 resulting reaction admixture is heated under conditions sufficient to inactivate the exonuclease, followed by formation 
and amplification of primer extension products. 

The method of the present invention is particularly useful in PCR amplification and detection methods known in 
the art as homogeneous assays or homogeneous detection systems. Such systems are well-known in the art and are 
described, for example, in published European Patent Applications 91310062.4 (487218) and 92106989.4 (512334). 

35 in the homogeneous systems, detection of amplified DNA is based upon changes in fluorescence induced by binding 
of a fluorescent compound to double-stranded DNA, Because detection is based upon formation of double-stranded 
DNA generally, and fails to distinguish between target DNA and non-specific products, the formation of double-stranded 
artifacts such as primer-dimers is detrimental to the specificity of the homogeneous assay. In accordance with the 
present invention, primer-dimers are reduced and thus the specificity of the homogeneous detection method is in- 

40 creased. 

The reagents required for PCR are known to the ordinarily skilled artisan, and generally include at least two oli- 
gonucleotide primers that are sufficiently complementary to conserved regions of the target nucleic acid to hybridize 
thereto, four different nucleoside triphosphates, a thermostable polymerization agent and any requisite cofactors for 
the polymerization agent. Preferred nucleoside triphosphates are the deoxyribonucleoside triphosphates dATP, dCTP, 
45 dGTP and dTTP or dUTR collectively termed dNTPs. Nucleoside triphosphates are commercially available. 

Primers include naturally occurring or synthetically produced oligonucleotides capable of annealing to the target 
nucleic acid and acting as the point of initiation of nucleic acid synthesis under appropriate conditions, i.e., in the 
presence of nucleoside triphosphates, a polymerization agent, suitable temperature, pH and buffer. The primers have 
sequences sufficiently complementary to the target nucleic acid to hybridize thereto, and are of sufficient length, typically 
50 from 10-60 nucleotides, to prime the synthesis of extension products in the presence of a polymerization agent. Primers 
may be produced synthetically by automated synthesis by methods well known to one of ordinary skill in the art. Syn- 
thesis of phosphorothioated primers is described hereinabove. 

Design considerations for primers are well known in the art: Primers are selected to be substantially complementary 
to the sequences of the strands of the specific nucleic acid to be amplified, such that the extension product synthesized 
55 from one primer, when separat d from its complement, can serve as a template for the extension product of the other 
primer. Preferably, the primers have exact complementarity with the target region. 

Polymerization agents are compounds that function to accomplish the synthesis of the primer extension products. 
The polymerization agents are thermostable, i.e., not permanently inactivated when heated for brief periods to tem- 
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peratures typically used .n PGR for denaiuration of DNA strands, e.g.. 93-95=0, and are preferentially actK^e at high 
ZZZTSa 7 embodiment the polymerization agent is a thermostable DNA polymerase, includfng , for . 

example, DNA polymerase obta.ned from thermophilic bacteria such as, Thermococcus litorX Bacillu^stea^her- 
moph.lus Methanothnrmus f.n^is , Thermus aquations , Tjiliformis, Tjj^jjji^T^ beS j, -ubeTand | 

totroohScl^ ^h ,he T, PhiliC 3 f a8baCteria SUCh 38 ^"^^^^ 

70 nnJl e rl hermOSt TZ po| y merases ^ be obta ined commercially or by methods known in the art. In particular Tap 
polymerase ,s available commercially in. recombinant and native form (Perkin Elmer-Cetus) or can be produced bv the 
method described by Lawyer et al, (1989) iL Biol_Cher !L 264:6427 or in U.S. Patent No. 4,889 818 Colyme^e 
is commercially available from Finnzyme Co. , Finland and from Toyobo Co. , Japan. Thermococcus lit^ii* 
« 5 322 Tar' " 'IT* be Pr0dUC6d by lhe method described in U S PatTnt No 

inhi^ n th^ S m SPeCi ! iC thermos,able Po'ymenzation agents may be included in the ^amplification step to 

skill o the art and found, for example, in Harlowe et al. (198B) Antibodies: A Laboratory Manual Co .d Spring Harbc7 
NY. in accordance with the present invention.the term antibodies includes monoclonal and polyclonal antibodtes pro' 
duced by convenhona. me.hodologies, recpmbinantly produced antibodies, and chemically or rLJn^p ^Z 
fragments of ant.bod.es, such as Fab fragments. In a preferred embodiment, the antibodies are monoclonal 
Tth ™i?, P referred ^ bodimen, of ^ P^ent invention, the antibody is a monoclonal antibody against Taq polymerase' 
" Intiho^nT e ;°T r° COCCUS ' it0ra ' iS P°'y^-ase. Ina more preferred embodiment, theantibody isa monoc onai : 
forS 

for example, ,n U.S. Patent No. 5,338,671 In accordance with the present invention, antibodies defined as specific fo 
pol y menza.,on agent are those antibodies that are capable of inhibiting the enzymatic activity .of the po^meSion 
agent at temperatures from about 20-40=0. The antibodies of the invention are inactivated by elevated Ttemperatu es 
used during PCR therma. cyc.ing The ability of the antibodies to inhibit enzymatic activity of the pXerase can be 
de^n^ assays known to one of ordinary skill in the art, as described, for example, by Sharpy 0994) 

bv m^Tr 0 ' 6886 ^ 5 ^ h accordance wi,h the P resen1 invention are commercially available or can be obtained 
by methods known ,n the art and include, for example, exonuclease III (Exo III), exonuclease I exonuclease VI I and 
r i°^ e Q f D e "■ Exonucleases are toown to the ordinarily skilled artisan, and a e described, for e^mp e by Fasma^ ' 
ed (1989) Practical Handbook of Biocrmmistn, and Molecule Rim™, npn Press; BocaRaton ^3 exonudeasTs 
T P H rt : n a ,? c »P |ated accordance wtth the present invention. Exonucleases that preferent^lly attackdouble^ 
stranded DNA or single stranded DNA may be used. Exonucleases that preferentially attack doubteSS D^A ai 
preferred. In a preferred embodiment, the exonuclease is Exo ,ll. In another preferred embodime rnor t^one 
exonudease ,s ut.lized. For example, a mature of an exonuclease that preferentially degrades 6o^LZn6e6 DNA 
lulu 'f* "I" ^ COmbination wi,h an exonuclease that preferentially degrades single^tranded Sna 

rnrHin f h Ct,vat,on of the e*<™clease at 95=0 prevents further exonuclease activity during thermal cycling Ac- 
cordingly, the exonuclease must be inactive at 95=0 cycling.. «c 

detJ^^ 

™ J^L^^r" f ' n 3 , SamP ' e SUSPSCted ° f COntainin9 ,hS ,ar9et nUCleiC acid The sar "P |e ««V b * ^y 
h l P t P containing a target nucleic acid, including/for example, a tissue sample, blood, f-iair body fluid I • 

bacteria, virus, fungus, bacterial infected cell, vira.ly infected cell, and so on. The target nucleic acid may be DNA or 
suff,cient number ° f b ases at both ends of the sequence to be amplified must be known in order to desian 

cTon S T C h a e P , a a ,° f hy , bridiZin . 9 ,0 diff6rent S,randS °' thS tar9el nUC|SiC acid « suitable Pos^n f^PCR amp ?fi 
cation. The target nucleic acd may be extracted or partially extracted from the tissue sample prior to PCR for example 

to'onTof'Z ^ 

? ^ r L'e ^ ^ be ,OUnd ' f ° r 6Xamp,e ' in S^ook et al. (1989) Molecular Clonl A 

Laboratory Manua. , Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY arTdiaiki et al (l985) BioTecZLv 

th S i n mnlT ,h °? 0 \ a T! C l V ™ ° f th ° PrGSent inVen,i ° n ' thG 6ample or a P r0 Paration of. nucleic acids extracted from 
the sample is contacted with the reagents typically used for PCR, including at least two oligonucleotide primers modified 

^^JSF!*V^' 3 With ^ eXOnucl6ase ,0 ,orm a taction admixture. In ano.fJr embodiment, 
an antibody specific for the polymerization agent is included in the admixture 

The conventional PCR reagents, including primers, nucleoside triphosphates, polymerization agent, and appro-' 
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priate buffer are utilized at concentrations generally appropriate for PCR and known to one of ordinary- skill in the art. 
In a preferred embodiment, the nucleoside triphosphates are dATP, dCTR dGTP and dTTP. In a preferred embodiment 
the polymerization agent is a thermostable DNA polymerase. Preferred DNA polymerases are Taq polymerase, Tth 
polymerase and Thermococcus litoralis polymerase. Taq polymerase is particularly preferred. 

s The antibody specific for the polymerization agent is used at a concentration effective to inhibit the polymerization . 

agent at room temperature. The antibody may be monoclonal or polyclonal, or an antibody fragment. In a preferred 
embodiment, the antibody is monoclonal and is used at a molar ratio of from about 5 to about 500 over the polymerization 
agent. In a most preferred embodiment, the polymerization agent is Taq polymerase, the antibody is a monoclonal 
antibody specific for Taq polymerase. 

io Exonuclease may be used at a concentration of from about .001 Units/|iL to about 10 Units/|iL In a preferred 

embodiment, the exonuclease is Exo III and is used at a concentration of from about .01 Units/|iL to about .5 Units/ 
U.L. In a most preferred embodiment, Exo III is used at a concentration of 0.2 Units jiL. One unit of Exo III is defined 
as that amount of Exo III required to produce 1 nanomole of said soluble nucleotides from tritiated DNA duplex in 30 
minutes at 37°C. the skilled artisan can determine appropriate concentrations of exonuclease which may vary de- 

15 pending upon concentration of target and other experimental conditions. 

Following contacting the sample with the reagents for PCR, phosphorothioated primers and exonuclease, and 
prior to thermal cycling, the reaction mixture is heated to inactivate exonuclease. In a preferred embodiment, the mixture 
is heated to about 85°C - 95°C for about three to about ten minutes. In a most preferred embodiment, the mixture is 
allowed to stand at room temperature for about zero toabout eight hours, then incubated at about 40°C for up to about 

20 five minutes, then heated to about 85°C to about 95°C for at-leasl about three minutes. 

.Following heat denaturatbn, standard PCR cycling of annealing, extending and denaturing is performed. Cycling 
parameters are known to the ordinarily skilled artisan, and can be easily adapted for particular conditions/The ampli- 
fication method is preferably conducted in a continuous, automated manner. Appropriate instrumentation for automated 
PCR is well-known to the ordinarily skilled artisan and descrjbed, for example, in U.S. Patent Nos. 4,965, 188 : 5,089,233 

25 and 5,229,297. The skilled artisan can also easily detect amplified product, for example, by separating PCR products 
by agarose gel electrophoresis and visualizing by ethidium bromide staining, or detecting by hybridization with a labeled 
probe capable of hybridizing with the amplified nucleic acid or a variety of other detection methods well-known to one 
of ordinary skill in the art. 

The present invention further provides a kit for PCR comprising, in the same or separate containers, a thermostable 
30 polymerization agent, an exonuclease, and at least two primers, each of which contains at least one phosphorothioate 
linkage. In another embodiment, the kit further comprises an antibody specific for the polymerization agent. Additional 
containers can also be provided for the inclusion of, for example, additional antibodies specific to the PCR polymeri- 
zation agent and reagents for PCR, including, for example, nucleoside triphosphates, primers and buffers. 

In a preferred embodiment the polymerization agent is a DNA polymerase. In a more preferred embodiment the 
35 polymerase is Taq polymerase, Tth polymerase, or Thermococcus litoralis polymerase. Taq polymerase is particularly 
preferred. The preferred antibody is a monoclonal antibody specific for Taq polymerase. 

In another preferred embodiment, the exonuclease is exonuclease I, Exo Ml, exonuclease VIH or ribonuclease II. 
Exo til is particularly preferred. The oligonucleotide primers preferably contain a phosphorothioate linkage in at least 
one of the first five positions relative to the 3' terminus, and preferably in at least the ultimate position relative to the 3' 
40 terminus. The kits of the present invention are useful in increasing efficiency of amplification of target nucleic acids in 
PCR assays. 

The present invention further provides an admixture useful for PCR amplification and particularly for reducing 
formation of non-specific nucleic acids and amplification of carryover contaminants during PCR. The admixture contains 
an exonuclease and at least two primers for PCR wherein each primer contains at (east one phosphorothioate linkage. 

45 The admixture may also contain other PCR reagents such as a thermostable polymerization agent, nucleoside triphos- 
phates, antibodies against the polymerization agent, buffers, and the like. In a preferred embodiment the reaction 
admixture comprises Exo III and at least two oligonucleotide primers wherein each of said oligonucleotide primers 
contains a phosphorothioate linkage in at least the ultimate position relative to the 3' terminus of the primer. 
The following examples further illustrate the present invention. 

so - 
EXAMPLE 1 

Exonuclease 111 Effects on PCR 

55 The effect of a relatively low concentration of Exo III on PCR amplification of a genomic target was examined in a 

model system for the detection of HIV. The model system utilizes primers SK38 and BW17 having the following se- 
quences: 
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Primer SK38: 5'-ATAATCCACC TATCCCACTA GGAGAAAT-3' (SCO ID MO:1 ) 
Primer iWl7z S'-TTTCCTCCTT CTCTTATCTC CAGAATGC-3' <$EQ 10 MO:2) 

Tc^!^^ HIV target obtained from the 8E5 HUT/HIV cell line containing a single integrated copy of the HIV- - 

?Z ™T ° * PreParGd ^ SO ' id PhaSG ph0S P° ramidite che ™^ uTilizinq a Perkin-Elmer/ 

Applied B-osystarns D.v.s.on Model 380B three column DNA synthesizer according to U.S. Patent No 5 003 097 
Monoclonal ant.bod.es specific for Tag polymerase were prepared as described in U.S Patent No S^S^S'- 
polymerase was prepared recombinants as described in EP-A 0 482 714. ' ' 

The PCR mix contained the following reagents: 

(1) 1 .0 X PCR buffer (10 mM Tris Hcl, pH 8.0 with 50 mM KCI and 5 mM MqcloV 

(2) SK38 PCR primer; 2h 

(3) BW1 7 PCR primer; 

(4) dATP, dCTP and dGTP at .2 mM each; / 

(5) dUTP at .4 mM; . ' . . ' 

(6) Taq polymerase at 8 units per 100 uX PCR mix (one unit is defined as the amount of enzyme activity required 
to incorporate 10 nmoles of total nucleotides into an extending nucleic acid chain in 30 minutes S 

(7 Taq antibodies at 5:1 (TP4-9.2 ATCC HB11807) and 50:1 (TP 1-12:2" ATCC. HB11127) Molar ratio over Taq - 
polymerase, " 

(8) Herring Sperm DNA at 1 nG per 100 u.L PCR mix; 

(9) 100 copies of HIV (8E5 HUT/HIV cell line); 

(10) TE buffer (10 mMTris.^HCI, 1 mM EDTA) ....... 

Individual PCR primers were each used at the following levels: 

(1) 400nM; - 

(2) 100 nM; 

(3) 40 nM; 

(4) 20 nM: 

(5) 10 nM: f 

(6) 4nM; 

(7) 1 nM; 

(8) A nM. 

PC^mS 'Z a LT^ ° f abSGnCe ° f exonuc,ease (Promega,Lot #32000) at .02 units per of 

PCR mix [2 units per 1 00 jiL PCR mix) at the primer levels described above 

PCR amplification was performed in the Clinical Diagnostics PCR pouch described in U.S Patent No 5 229 297 

u ihz-ng he Prototype Analyzer described in U.S. Patent No. 5,089,233. All samples were run in S^^SZ 

at room tempera ure for 2 hours prior to PCR to allow exonuclease II. to be active in the PCR mix fS^XbT^ - 

.ncubation samples underwent standard PCR cycling conditions consisting of a 3 minute 95>C preheaS^^ISI 

III and Taq antibody thermal denaturation before 40 cycles of PCR (95°C 1 5 second melting step and sVc 35 second 

•^"^ y ^ r CyC ' e) PCR Pr ° dUCt WaS d6teCted USin ^ the Diagnostic's Poi^SS • 

system, ^detection spots m ,e visually read using a color standard that increases in blue color f^^ 
or no ampliation) to 10 (dark blue maximum amplificat.on). The visual results are ,n tabular torTbeS^S™q 
color scores of samples +/- exonuclease III (at 2 units for 100 uL of PCR mix)- • comparing 



Primer Level 


+ Exo III 


-Exo III 


400 nM 


7, 6.5 


7, 6.5 


100 nM 


0, 0 


7, 7.5 


40 nM 


0, 0 


7,6.5 


20 nM 


■0, 0 


. 2, 4 ' 


10 nM 


0, 0 


0,0 


4nM 


0, 0 


' 0,0 


1 nM 


0,0 


0, 0 


.4nM 


0, 0 


0, 0 
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A 4-fold decrease in primer concentration causes negative results in samples with expnuclease III while a 10-fold 
decrease in primer concentration has no effect on samples without exonuclease III. A 20-fold decrease in primer con- 
centration still gives PCR amplification in samples without exonuclease III. It is clear from these results that exonuclease 
III has a negative effect on PCR amplification as the primer concentration in the PCR mix is decreased. It can be 
s assumed from this result that the amplification efficiency of PCR is therefore decreased in samples with exonuclease 
III, perhaps even at 400 nM primer concentrations. 

EXAMPLE 2 



10 Exo III Degrades Double-Stranded and Single-Stranded DNA 

The possibility that exonuclease III can degrade single-stranded DNA, contrary to the manufacturer's claims and 
the relevant scientific literature (Zhu eta]., (1991) Nucleic Acids Res. 19:251), was investigated. 

Single-stranded DNA targets, double-stranded DNA targets, and single-stranded oligonucleotide primers, alone 
is or in various combinations, were subjected to a pre-amplification sterilization procedure in the presence or absence 
of exonuclease III. 

The single-stranded 1 0Omer DNA target, a synthetic model system designated Syn-1 , was used at a concentration 
of 1 x 10' 10 M. The Syn-1 target has the sequence: 

20 

5 ' -AAT-CGA-GTA-AGA-CTT-CAC-TGC-TGA-GAA- 
TCT-CAG-AGA-ATC-TAG-ATA-TCC-TGC-ATG-TCT- 
AAA-TAT-TGA-ATA-CGA-CAT-TAC-ACG-AGT-CAA- 
25 GAC-TCA-CTA-GAC-A-3 ' (5EQ ID NO: 3) 

The double-stranded target, the HIV model system described in Example 1, was used at a concentration of 1 x 
10" 8 M. PCR primers Syn-1 forward, 

30 * . ' . 

5' -GTA-AGA-CTT-CAC-TGC-TGA-GAA-TCT-CAG-3 ' (SEQ ID NO: 4) 



35 Syn-1 reverse, 

5 * — TGT-CTA-GTG-AGT-CTT-GAC— TCG-TGT-AAT— 3 (SEQ ID HO: 5) 

40 

SK38 and BW17 were used at a total concentration of 2 u.M (i.e., 2 primer for samples containing one primer, 1 
|iM each for samples containing two primers). Exonuclease III (Promega, Lot #32000) was used at 0, 10 or 20 units 
per 50 |il_ sample. 

Samples were incubated under typical preamplitication sterilization conditions (30°C for 30 minutes). Enzyme- 
45 mediated hydrolysis was quenched by a five minute incubation at 95°C to thermally denature exonuclease Ml. Small 
aliquots of the reaction mixtures (16 uJ_) were electrophoresed on a 4% agarose gel under standard conditions and 
visualized by ethidium bromide staining. The results observed on the gel are presented in Table I. 
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SAMPLE 



DMA 



10 



15 



30 



35 



40 



45 



SO 



10 



11 



12 



13 



KXO III 
(units) 



BAND 
(+/-> 



single-stranded target 



single-stranded target 



10 



single-stranded target 



double-stranded target 



double-stranded target 



10 



double-stranded target 



20 



single-stranded target 
double-stranded target 



single-stranded target 
8 1 double-stranded target 



10 



single-stranded target 
double-stranded target 



20 



syn forward primer 



syn forward primer 



10 



syn reverse primer 



syn reverse primer 



10 



syn forward primer 
14 I syn reverse primer 



syn forward primer 
1 5 I syn reverse primer 



10 



single-stranded target 
16 I syn forward primer 



single-stranded target 
17 I syn forward primer 



10 



single-stranded target 
18 I syn reverse primer 



single-stranded target 
19 1 syn reverse primer 



10 



band shift; 
weak + 



band shift; 
20 I weak + 
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TABLE Z <oontinu«d) 




SAMPLE 


DMA 


SZ XZZ 
(units) 


Band 

(♦/-) 


20 


single-stranded target 
syn forward and 
reverse primers 


0 


+ 


21 


single-stranded target 
syn forward and 
reverse primers 


10 




22 


SK38 and BW17 primers 


0 


+ 


23 


SK38 and BW17 primers 


10 





20 in Samples 2 and 3, the target bands were shifted down on the gel relative to Sample 1 , indicating that the molecular 

weight of the single-stranded target was reduced by Exo III degradation. The signal of the target band of Samples 2 
and 3 was also reduced relative to Sample 1 , further indicating that the single-stranded target was degraded by Exo III. 
This experiment demonstrates that Exo III degrades both single-stranded and double-stranded DNA. 
The positive controls (unreacted with exonuclease III) provided strong signal bands in all sample types. Except 

2S for Samples 2 and 3, all DNA species treated with exonuclease III at 10 or 20 units per 50 jjL sample (singlo-stranded 
DNA : duplex DNA, short PCR primers and 100-mer target sequences; duplex DNA was a PCR product of the 
SK18/BW17 system) were degraded and rendered undetectable on the electrophoresis gel. This single-stranded DNA 
degradation by exonuclease III provides an explanation for the negative effect of exonuclease 111 on PCR as seen. in 
Example 1. The destruction of PCR primers, a critical reagent in the PCR reaction, reduces primer concentration and 

30 thus the amplification efficiency of PCR. 

EXAMPLE 3 

Phosphorothioated Primers Provide Protection Against Exonuclease III Degradation 

35 

The SK38/BW17 HIV PCR model system described in Example 1 was used in this experiment. 
Phosphorothioated primers were substituted for unmodified primers in PCR to determine whether the modified primers 
provide protection against exonuclease III degradation. Parallel samples were run in the absence of target DNA to rule 
out target DNA degradation by exonuclease III. 
40 PCR primers SK38 and BW1 7 having phosphorothioate linkages in the ultimate and penultimate positions relative 

to the 3'-hydroxyl group were prepared by H-phosphonate chemistry according to the method of U.S. Patent No. 
5,003,097, also described in the technical bulletin accompanying Cat. No. 40-4036-xx, Glen Research, Sterling, 

All samples contained the following reagents: 1 .OX PCR buffer with 5 mM magnesium; 

45 ' ■ 

SK38 PCR primer, unmodified (SOA) or phosphorothioated (thio), at 400 nM; 
BW17 PCR primer, unmodified (SOA) or phosphorothioated (thio), at 400 nM; 
so dATP, dCTP and dGTP at .2 mM each; 

dUTP at .4 mM; 

Taq polymerase at 8 units per 100 jjL PCR mix; 

55 

Taq antibodies at 5:1 (TP4-9.2) and 50:1 (TP1 -1 2.2) molar ratio over Taq polymerase; 
herring sperm DNA at 1 ^g per 100 u.L PCR mix; 
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TE buffer. 



w 



15 



Samples 1-10 contained 10 copies of HIV genomic target obtained from the 8E5 HUT/HIV cell line. 
The samples contained various concentrations of exonuclease III (0, 5, 10, 15, 20 units per 100 u.L PCR mix) as 
indicated in Table II. 

The Clinical Diagnostic's PCR Pouch and Prototype Analyzer were used for PCR amplification. All samples were 
run in duplicate and left out at room temperature for 1 hour prior to PCR to allow exonuclease III to be active in the 
PCR mix. I n samples 11-18, genomic target DN A was added to the mix following the 1 hour incubation with exonuclease 
Ml. Following the 1 hour incubation, samples underwent standard PCR cycling conditions consisting of a 3 minute 95°C 
preheat for exonuclease III and Taq antibody thermal denatu ration before 40 cycles of PCR (95°C 15 second melting 
step and 64°C 35 second annealing/ extending step per cycle). Following PCR amplification, one replicate per sample 
underwent detection using the Clinical Diagnostic's Pouch detection system. The detection spots were visually read 
using a color standard that increases in blue color from 0 (white) to 10 (dark blue). The PCR product from the other 
replicate was collected from the PCR pouch and detected by electrophoresis on a 2.5% agarose gel stained with 
ethidium bromide. The gel was illuminated "with UV light and a Polaroid picture was taken. 



TABLE 



20 



25 



30 



35 



40 



45 



SAMPLE 


PRIMER 


TARGET* 


EXO IN (units/100 uJ.) 


POUCH 


GEL 


1 


SOA 


b 


0 


.-7 


weak positive 


2 


SOA 


b 


5 


0 


negative 


3 


SOA 


b 


10 


0 


negative 


4 


SOA 


b ' 


15 ' , • 


0 


negative 


"* '5 


SOA 


b 


20 


0 


negative 


6 


Thio 


b 


0 


, 6.5 


very weak positive 


: 7 


Thio 


b 


' 5 \ 


6 . 


strong positive 


8 


Thio 


b 


10 


6.5 


strong positive 


9 


Thio 


b 


15 


65 


strong positive 


10 


Thio 


b 


20 


6.5 


strong positive 


11 


SOA 


a 


5 


0 


negative 


12 


SOA 


a 


10 


0. 


negative 


13 


SOA 


a 


.15 


0; 


negative 


14 


SOA 


a 


20 


0 


negative 


15 


Thio 


a 


5 


7 


strong positive 


16 


Thio 


a 


10 


7 


strong positive 


17 


Thio 


a 


15 


, 7 


strong positive 


18 


Thio 


a 


20 


6.5 - 


strong positive 



so 
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The results for pouch detection and gel visualization are presented in Table If. The results from Samples 2-5 
indicate that exonuclease III renders PCR amplification undetectable when standard primers are used. The negative 
effect of exonuclease III on PCR can be attributed to degradation of unmodified PCR primers, as opposed to degradation 
of genomic target DNA, as evidenced by the negative results in Samples 11-14, in which target DNA was added after 
exonuclease III incubation. 

As evidenced by the results of Samples 6-10 and 15-18, phosphorothioated PCR primers do not inhibit PCR, but 
rather are readily amplified and thus can be used routinely. Further, phosphorothioated PCR primers are protected 
against exonuclease III degradation, whereas unmodified primers are not. 

The use of exonuclease III in combination with phosphorothioated PCR primers results in an enhancement in 
product yield as evidenced by gel band intensity in Samples 7-10 in comparison to Samples 1 and 6. These results 
can be interpreted that PCR amplification efficiency is increased by the ability of exonuclease III to degrade PCR 
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primer-dimers prior to amplification, and also due to the protection of phosphorothioated PCR primers against exonu- 
clease III. 

EXAMPLE 4 

5 

Low Levels of Genomic Target DNA are not Degraded by Exonuclease III 

The SK38/BWI17 HIV model system described in Example 1 was used in this experiment. Two levels of genomic 
target (10 copies and 100 copies of HIV genomic target from the 8E5 HUT/HIV cell line) were amplified in the presence 
10 of various concentrations of exonuclease Ml and either unmodified (SOA) or phosphorothioated (thio) primers as de- 
scribed in Example 3. 

All samples contained the following reagents: 



1.0X PCR buffer with 5 mM magnesium; 
SK38 PCR primer, unmodified (SOA) or phosphorothioated as described in Example 3 (thio), at 400 nM; 
BW17 PCR primer, unmodified (SOA) or phosphorothioated as described in Example 3 (thio), at 400 nM; 
20 dATP, dCTP and dGTP al .2 mM each; 

dUTP at 4mM; 

Taq polymerase at 8 units per 100 u.L PCR mix; 

25 

Taq antibodies at 5:1 (TP4-9.2) and 50:1 (TP1-12.2) molar ratio over Taq polymerase; 

herring sperm DNA at 1 u.g per 100 \xL PCR mix; 

30 TE buffer. 

Samples 1-16 contained 10 copies of HIV target. 

Samples 17-32 contained 100 copies of HIV target. Samples 1-8 and 17-24 contained unmodified (SOA) primers and 
35 Samples 9-16 and 25-32 contained phosphorothioated (thio) primers. The samples contained various concentrations 
of exonuclease III as indicated in Table III. 



40 



45 



SO 



55 
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TABLE -TIT 



5 ■ 


SAMPLE 


PRIMER 


TARGET 
(copies) 


EZO ZZZ 
100 JtL) 


GEL 


VZ8UAL 
IN POUCH 




■ 1 


SOA 


10 


0 


weak + 


6 


10 


2 


SOA 


10 


■■ 2 ; 


+ 


6 




3 


SOA 


10 


4 


+ 


8 




4 


SOA 


10 


6 


- 


7.5 


15 


5 


SOA 


10 


8 


■' - 


0 




6 


SOA 


10 


10 


- 


0 




7 


SOA 


10 


15 


- 


0 


20 


8 


SOA 


10 


20 


- ' 


0 




9 


Thio 


10 


0 


weak + 


6 




10 


Thio 


10 


■ - 2 


+ 


• - 6 


25 


11 


Thio 


lO 


4 


+ 


7 




12 


Thio 


10 


6 


' + ■ 


7 




13 


Thio 


10 


8 


'+ V 


7 


30 


14 


Thio 


10 


10 


r + ' 


7.5 




15 


Thio 


10 


15 




7.5 




16 


Thio 


10 


20 


■ + 


8 


35 


17 


SOA 


100 


0 


weak + 


HA* 




18 


SOA 


100 


2 




NA 




19 


SOA 


100 


4 


+ 


NA 


40 


20 


SOA 


100 


6 


weak + 


NA 




21 


SOA 


100 


8 


weak + 


NA 




22 


SOA 


100 


10 




NA 


45 


23 


SOA 


100 


15 




NA 




24 


SOA 


100 


20 




NA 


SO 


25 


Thio 


100 


0 


weak + 


NA 
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TABLE ZZZ 


( continued) 




5 


SAMPLE 


PRIMER 


TARGET 
(copies) 


BZO ZZZ 
(units/ 
100 ML) 


GEL 


VISUAL 

flpAp DO 

ZN POOCH 




26 


Thio 


100 


2 


+ 


NA 


10 


27 


Thio 


100 


4 


+ 


NA 




28 


Thio 


100 


6 




NA 




29 


Thio 


100 


8 


+ 


NA 


15 


30 


Thio 


100 


10 


+ 


NA 




31 


Thio 


100 


15 


+ 


NA 




32 


Thio 


100 


20 




NA 



* Not available; pouch results were not obtained for 
samples 17-25. 



The Clinical Diagnostic's PCR Pouch and Prototype Analyzer were used for PCR amplification. All samples were 

25 run in duplicate and left out at room temperature for 2 hours prior to PCR to allow exonuclease III to be active in the 
PCR mix. Following the 2 hour incubation, samples underwent standard PCR cycling conditions consisting of a 3 minute 
95°C preheat for exonuclease III and Taq antibody thermal denaturation before 40 cycles of PCR (95°C 15 second 
melting step and 64°C 35 second annealing/extending step per cycle). Following PCR amplification, one replicate per 
each sample underwent detection using the Clinical Diagnostic's Pouch detection system. The detection spots were 

30 visually read using a color standard that increases in blue color form 0 (white) to 1 0 (dark blue). The PCR product from 
the other replicate was collected from the PCR pouch and detected by electrophoresis on a 2.5% agarose gel stained 
with ethidium bromide. The gel was illuminated with UV light and a Polaroid picture was taken. 

Results are presented in Table III. These results confirm the results of Example 2, i.e., that exonuclease III degrades 
unmodified single-stranded PCR primers such that products are not detectable, and that phosphorothioated PCR prim- 

35 ers are protected against exonuclease III digestion. Accordingly, the use of phosphorothioated primers allows the use 
of increased amounts of exonuclease III per sample, and increased incubation times. In turn, increased amounts of 
exonuclease III offermore protection against the inhibitory effects of primer-dimer molecules and against PCR carryover 
in the form of PCR product and primer-dimer. 

An enhancement in product yield, as evidenced by gel band intensity, is seen in samples that contain phospho- 

40 rothioated PCR primers and exonuclease III at all concentrations of exonuclease III tested, and in samples that contain 
SOA unmodified primers and exonuclease III at 2 or 4 units per 100 |iL PCR mix in comparison to samples without 
exonuclease III for both primer types. This is due to exonuclease Ill's ability to degrade PCR primer-dimer molecules 
before PCR takes place, enhancing the PCR amplification efficiency of the PCR reaction. However, in samples with 
SOA unmodified PCR primers, exonuclease III becomes an inhibitor of PCR at slightly higher levels due to its single- 

45 strand DNA degradation activity. / 

Genomic target DNA, even low copy numbers per sample, is not degraded by exonuclease III at elevated levels 
as evidenced by the consistent PCR pouch color scores and gel product bands for the 10 copy HIV samples in which 
phosphorothioated primers are used. ' 

50 EXAMPLE 5 

PCR Carryover Sterifisation with a Combination of Exonuclease III and Phosphorothioated Primers 

This experiment determin d the sterilization efficiency of exonuclease III at 20 units per 100 u.L of PCR mix with 
55 phosphorothioated PCR primers. Further, the ability of exonuclease III and phosphorothioated primers to sterilize PCR 
amplicons was compared with uracil-N-glycosylase (UNG), which has been reported to have a sterilization capacity 
of about 10 6 amplicons (Lon go etaj.). 

The SK38/BW17 HIV PCR model system was used with PCR carryover collected from an earlier amplification. 
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The PCR carryover was a preamplified PCR product at full strength estimated to be at a concentration of 10 11 amplicons 
per uL and in which dUTP was substituted for TTP during amplification so that the product contains uracil in place of 
thymidine. This preamplified product was run on a 4% agarose electrophoresis gel to isolate the product from nonspe- 
cific products. The product band was then cut out of the agarose gel and purified using Qiagen's Gel Purification Kit. 
Dilutions of this purified PCR product were than made with the following estimates of PCR carryover amplicons per uL 
per dilution; 



10 



15 



(1) 10x dilution - 

(2) 10 3 x dilution 

(3) 10 5 x dilution 

(4) 10 7 x dilution 

(5) i0 9 x dilution 



10 10 amplicons per uL; 
= 10 8 amplicons per u,L; 
- 1 0 6 amplicons per u±; 
= I0 4 amplicons per u.L; 
= 10 2 amplicons per u.L; 



One ul of each carryover dilution was added to 100 u± of PCR mix that contained no genomic target (except for 
the positive control samples which contained 10 copies of Genomic HIV target per 100u.Lof PCR mix) and the following 
standard PCR reagents; 
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1.0X PCR buffer with 5 mM magnesium; 

SK38 PCR primer (phosphorothioated as described in Example 3); . ' 
BW17 PCR primer (phosphorothioated as described in Example 3); 
,dATP, dCTP and dGTP at .2 mM each; 
dUTP at .4 mM; 

Taq polymerase at 8 units per 100 u.L PCR mix; . 

Taq antibodies at 5:1 (TP4-9.2) and 50;1 (TP1-12.2) molar ratio over Taq polymerase; 
Herring sperm DN A at 1 per 100 u.L PCR mix; 
TE buffer. 
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Samples were tested with no sterilization reagents, or with Exo III (20 units per 100 (iL PCR mix, obtained from 
Promega, Lot #32000) or UNG (1 unit per 100 y\L PCR mix, obtained from Perkin Elmer Applied Biosystems, Lot 
#0642), alone or in combination, as indicated in Table IV. . , 



TABLE IV 
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SAMPLE 


TARGET (copies 100nL) 


AMPLICONS 


EXO III 


UNG 


POUCH COLOR SCORE | 


1 


10 


0 






6.5 


2 


10 


0 


'■'. + ' 


-*- 




3 


0 


. 102 






■-• : 


4 . • 


*" - 0 


102 , 


+ 




.0 


5 


0 


102 * 




+ 


o * 


6 


0 


- 102 


+ 


+ 


0 


7 


0 


10 4 






5.5 


. 8 


0 . < 


10 4 


+ " 




0 


■ 9 


0 


10 4 




+ 


0 


10 


0 


' 10 4 


+ 


+ 


0 


11 


0 


10^ 






6 


12 


0 


10 6 


+ 




5 


13 


0 


10 6 




+ 


6 


14 


0 


10 6 


+ 


+ 


6 


15 


0 


10 8 






6 1 


16 


0 


* 10 8 


+ 




6 | 
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TABLE IV (continued) 
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SAMPLE 


TARGET (copi s 100jaL) 


AMPLICONS 


EXO III 


UNG 


POUCH COLOR SCORE 


17 


0 


108 




. + 


5 


18 


0 


10 s 


+ 


+ 


6.5 


19 


0 


' 10 10 






6.5 


20 


0 


10 10 


+ 




6.5 


21 


0 


10 10 




+ 


6.5 


22 


0 


10 10 


+ 


+ 


6.5 



The Clinical Diagnostic's PCR Pouch and Prototype Analyzer were used for PCR amplification. Atl samples were 
left out at room temperature for 2 hours prior to PCR to allow exonuclease III and UNG to be active in the PCR mix. 
Following the 2 hour incubation, samples underwent a preheat of 10 minutes at 95°C for the thermal denaturation of 
UNG, exonuclease III, and Taq antibody. Standard PCR cycling conditions were then used for 40 cycles of PCR (95°C 
15 second melting step and 64°C 35 second annealing/extending step per cycle). Following PCR amplification, each 
sample underwent detection using the Clinical Diagnostic's Pouch's detection system. The detection spots were visually 
read using a color standard that increases in blue color from 0 (white) to 10 (dark blue). The results for each sample 
are presented in Table IV. 

These results demonstrate that exonuclease III can sterilize at least 10,000 ampticons at 20 units per 100 uL of a 
PCR mix containing phosphorothioated primers. This method of sterilization was comparable to the level achieved with 
UNG, indicating that phosphothioated primers do not interfere with sterilization. 

EXAMPLE 6 



Comparison of Effectiveness of UNG and Exo III at Eliminating Primer - Dimer Carryover 

Primer-dimer carryover was obtained from an amplified mix containing SK38/B%I1 7 primer but no target, i.e. con- 
ditions favoring primer-dimer formation and added to PCR samples prior to the room temperature incubation at varying 
dilutions from 1 x 10 to 1 x 10 8 . The primer-dimer generated in this way was too weak to be visible as a band on an 
ethidium stained gel, but its presence was clearly mainfest, as the following makes clear. The PCR mix contained the 
reagents as described in Example 1 except that phosphorthioated primers were used. All samples except Sample 1 
contained 100 copies of HI V genomic target obtained from the 8E 5 HUT/HIV cell line. Sample 2 contained no carryover, 
and Sample 3 was exposed to environmental carryover. Samples were tested in triplicate under the following conditions: 
A) No carryover prevention methods; B) UNG (Perkin-Elmer lot #0642), at 1 Unit/1 00|aL PCR reaction; and C) Exo lit 
at 20 units/t00u.L PCR reaction. Phosphorothioated primers were used in all case. Samples in Group A were exposed 
to a ten minute incubation at room temperature prior to standard PCR cycling. Samples in Group B were incubated for 
ten minutes at room temperature prior to a two minute incubation at 50°C, followed by standard PCR cycling followed 
by holding at 72°C. Samples in Group C wore incubated for two hours at room temperature followed by standard PCR 
cycling. Aiiquots of each sample were electrophoresed on a 4% agarose gel under standard conditions and visualized 
by ethidium bromide staining. The following results were observed. 
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Group A - No Treatment 


SAMPLE 


PRODUCT 


PRIMER-DIMER 


1 


no target 






2 


no carryover 


strong + 


very weak + 


3 


environmental carryover 


weak + 


+ 


4a 


10X 




strong + 


4b 


10X 




strong + 


4c 


10X 




strong + 


5a 


10 3 X 




strong + 


5b 


10 3 X 




strong + 
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(continued) 





I 


Group A - No Treatment 




5 




SAMPLE 


rnUUUU 1 


PRIMER-DIMER 




5c 


10 3 X 




strong + 




6a 


10 4 X 




strong 4- 




6b 






strong + 


10 


6c 


10 4 X 




strong + 




7a 


10 5 X 




strong -i 




7b 


10 5 X 




strong + 


15 


7c 






strong +■ 




■■8a. 


10 6 X 




strong + 




8b 






strong + 


20 


8c 


1Q6X 




strong + 


9a 


10 7 X 




strong + 




9b 


10 7 X 




strong + 




9c 


10 7 X 




» - . strong +. 


25 


10a 


10 8 X 




strong + 




10b 


10 8 X 




strong + 




10c 


10 8 X . 




strong + 




* numerals indicate dilution ol 


primer-dimer carryover 
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Group B - UNG Treatment 






SAMPLE 


PRODUCT 


PRIMER-DIMER 


35 


1 


no target 








2 . 


no carryover 


strong + 






3 


environmental carryover 


+ 


+ 


40 


4a 


10X 




strong + 




4b 


10X 




strong + 


- 


4c 


10X 




strong + 




. 5a 


103 




strong + 




5b 


10 3 - 




strong + 




5c. 


10 3 




strong + 




6a 


10 4 




strong 


SO 


6b 


10 4 




strong + 




6c 


10 4 




strong + 




7a 


105 




strong + 




7b 


10 s 




strong + 


ss 


7c 


. 105 




strong + 




8a 


10 6 


weak + 


weak + 
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Group B - UNG Treatm nt 


SAMPLE 


PRODUCT 


PRIMER-DIMER 


8b 


10 6 


weak + 


weak + 


8c 


10 6 


weak + 


weak + 


9a 


10 7 


+ 


+ 


9b 


107 


weak + 




9c 


107 




weak + 


10a 


10 s 


weak + 


+ 


10b 


10 8 


weak + 


+ 


10c 


10 s 


. weak + 


+ 



'20 


Group C - Exo III Treatment 


SAMPLE 


PRODUCT 


PRIMER-DIMER 




1 


no target 




■ 




2 


no carryover 


+ 


- 


25 


3 


environmental carryover 








4a 


10X 




+ 




4b 


10X 




+ 


30 


4c 


10X 




+ 


5a 


10 3 X 


weak + 


weak + 




5b 


10 3 X 


- weak + 


weak -»- 




5c 


10 3 X 


weak + 


weak + 


35 


6a 


10 4 X 


+ 






6b 


10 4 X 


+ 






6c 


10 4 X 


+ . 




40 


7a 


105X 


+ • 




7b 


10 5 X 


+ 






7c 


10 S X 


+ 






8a 


10 6 X 






45 


8b 


10 6 X 


+ 






8c 


10«X 








9a 


- 10 7 X 


+ 




SO 


9b 


10 7 X 








9c 


. 10 7 X 


+ 






10a 


10 8 X 








10b 


10 8 X 






55 


10c 


10 8 X 







With UNG treatment, product bands were detected at a 1 X 1 0 6 dilution of the pri me r-di me r carryover, representing 
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a 1000X improvement over no treatment. (Previous experiments have demonstrated that in the absence ol treatment 
product bands were detectable at a IX 10™ dilution of primer-dimer carryover.) With Exo III treatment in the presence 
of thioated primers, product bands were detected at a 1 X 10 3 dilution of primer-dimer carryover, representing a 1000X 
improvement over UNG treatment -and a 1 X 107 improvement compared to the absence of treatment. Accordingly, 
s Exo III is superior to UNG or absence of treatment at eliminating primer-dimer carryover. 
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15 



20 



Patterson, David R. 
Sutherland, John W. H. 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
ATAATCCACC TATCCCAGTA GGAGAAAT 28 

15 (2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

25 TTTGGTCCTT GTCTTATGTC CAGAATGC 28 

(2) INFORMATION FOR SEQ ID NO: 3: 
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35 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 100 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
AATCGAGTAA GACTTCACTG CTGAGAATCT CAGAGAATCT AGATATCCTG CATGTCTAAA 60 
TATTGAATAC GACATTACAC GAGTCAAGAC TCACTAGACA 100 
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(2) INFORMATION FOR SEQ ID NO: 4; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GTAAGACTTC ACTGCTGAGA ATCTCAG 27 

(2) INFORMATION FOR SEQ ID NO: 5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TGTCTAGTGA GTCTTGACTC GTGTAAT 27 

30 Claims 

1. A method for the amplification of a target nucleic acid comprising: 

(a) contacting a sample suspected of containing said target nucleic acid with (i) at least two oligonucleotide 
35 primers that are sufficiently complementary to regions of said target nucleic acid to hybridize thereto, wherein 

each of said oligonucleotide primers contain at least one phosphorothioate linkage, (ii) at least four different 
nucleoside triphosphates, (iii) a thermostable polymerization agent, and (iv) at least one 3' exonuclease to 
form a reaction mixture; 

(b) heating said reaction admixture to inactivate said exonuclease; and 
40 (c) forming primer extension products. 

2. The method of claim 1 wherein said target nucleic acid is DNA or RNA. 

3. The method of claim 1 or claim 2 wherein said nucleoside triphosphates are dATP, dGTR -dCTP and dTTR - 

45 - • • • ••- - ' • • •• ; • ' 

4. The method of any one of claims 1 to 3 wherein said polymerization agent is a DNA polymerase such as Thermus 
aquaticus (Taq) polymerase, Thermus thermophilus polymerase or Thermococcus litoralis polymerase, 

5. The method of any one of claims 1 to 4 further comprising contacting said sample with an antibody specific to said 
so polymerization agent to form said reaction admixture. 

6. The method of claim 5 wherein said polymerization agent is Taq polymerase and said antibody is a monoclonal 
against Taq polymerase. 

55 7. The method of any one of claims 1 to 6 wherein said 3' exonuclease is exonuclease I, exonuclease III, exonuclease 
VIII, or ribonuclease II. 

8. The method of claim 7 wherein said 3' exonuclease is exonuclease III which preferably is present at a concentration 
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of from about .001 units to about 10 units per microliter of reaction admixture, most preferably about 0.2 units per 
microliter of reaction admixture. , 

9. The method of any one of claims 1 to 8 wherein each of said primers contains a phosphorothioate linkage in at 
s least the ultimate position and optionally also in the penultimate position relative to the 3' terminus of the primer. 

10. The method of any one of claims 1 to 9 wherein said reaction mixture-comprises two 3' exonucleases. 

11. The method of claim 10 wherein one of said 3' exonucleases preferentially degrades doubled-stranded DNA and 
to one of said 3' exonucleases preferentially degrades single-stranded DNA. 

12. The method of any one of claims 1 to 11 wherein said heating is from about 85°C to about 95°C. 

13. The method of any one of claims 1 to 12 which further comprises detecting primer extension products, preferably 
is by measuring fluorescence changes induced by binding of a fluorescent compound to double-stranded DNA. 

14. A. kit for amplification of a target nucleic acid comprising, in the same or separate containers, a thermostable 
polymerization agent, at least one 3' exonuclease, and at least two oligonucleotide primers that are sufficiently - 
complementary to regions of said nucleic acid to hybridize thereto, wherein each of said oligonucleotide primers 

20 contains at least one phosphorothioate linkage. 

15. Thekitof claim -14 further comprising in the same or a separate container, an antibody specific to said polymerization 
agent. . .. , • 

25 16. The kit of claim 14 or claim 15 wherein said polymerization agent is Taq polymerase, Thermus thormophilus 
polymerase, or Thermococcus litoralis polymerase. 

17. The kit of any one of claims 14 to 16 wherein said exonuclease is exonuclease I, exonuclease III, exonuclease 
VIII or ribonuclease II and is preferably exonuclease ML • • . 

30 . . . • 

18. The kit of any one of claims 14 to 17 wherein each of said primers contains a phosphorothioate linkage in at least 
the ultimate position and optionally also in the penultimate position relative to the 3' terminus of said primer. 

19. An admixture for use in PCR comprising at least one 3' exonuclease and at least two oligonucleotide primers 
35 wherein each of said oligonucleotide primers contains at least one phosphorothioate linkage. 

20. The admixture of claim 19 further comprising a thermostable polymerization agent which is preferably a DNA 
polymerase such as Thermus aquaticus (Taq) polymerase, Thermus thermophilus polymerase or Thermococcus 
litoralis polymerase. 
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so 



21. The admixture of claim 19 or claim 20 further comprising at least four different nucleoside triphosphates. 

22. The admixture of any one of claims 19 to 21 wherein said exonuclease is exonuclease I, exonuclease I H ; exonu- 
clease VIII, or ribonuclease II. 

23. An admixture for use in PCR comprising exonuclease III and at least two oligonucleotide primers wherein each of 
said oligonucleotide primers contains a phosphorothioate linkage in at least the ultimate position relative to the 3! 
end of the primer. 
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